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One liquid type epoxy resin composition. 

© The present invention provides a one-liquid type epoxy 
resin composition which is useful especially as a coating 
material and adhesive for a wide range of applications. The 
resin composition comprises 

(1) an epoxy resin (A) containing at least an average of 
two epoxy groups per molecular unit; and 

(2) a curing agent (B) consisting essentially of a powdery 
amine compound (C) having 8 softening point of 50 to 150°C, 
the particles of said powdery amine compound being coated 
with at least one of the following layers: 

(i) a layer formed by adhesion to the surface of said 
particles of at least one compound selected from the group 
consisting of an isocyanate (D), a cerboxyiic acid (E), a 
carboxylic acid anhydride (F), an acid halogenated com- 
pound (G) and an epoxy compound (H); and 

<ii) a layer formed by covalent bonding of the powdery 
amine compound (C) with at least one compound selected 
from the group consisting of an isocyanate (D), a carboxylic 
acid (E), a carboxylic acid anhydride (F), an acid halogenated 
compound (G) and an epoxy compound (H); 
the softening temperature of said curing agent (B) being 5 to 
50°C higher than the softening temperature of said powdery 
amine compound (C). 
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ONE LIQUID TYPE EPOXY RESIN COMPOSITION 



BACKGROUND OF THE INVENTION 

This invention relates to a one-liquid type epoxy resin 
composition. More particularly, it relates to a one 
liquid type epoxy resin composition which can be cure4 at 
a lower temperature and also has excellent storage 
5 stability; 

Epoxy resins have been used in a variety of fields such' 
as adhesives, paints, laminating and casting, on account 
of the excellent properties inherent in the cured 
products thereof. Epoxy resin compositions which 

10 nowadays are generally used are so-called two-liquid type 
compositions comprising an epoxy resin and a curing agent 
which are mixed just before use. Although the two liquid 
type epoxy resin compositions can be cured at room 
temperature, their preservation and handling are 

15 troublesome because the epoxy resin and the curing agent 
must be preserved separately and both must be weighed in 
desired amounts and mixed before use. Moreover, since 
the time during which they remain in a usable state is 
limited, they cannot be mixed in advance in a large 

20 amount and, when they are used in a large amount, mixing 
must be repeated frequently, thereby inevitably causing a 
loss of efficiency. 

For the purpose of eliminating the disadvantages 
associated With two-liquid type epoxy resin compositions, 
25 there have been proposed several kinds of one-liquid type 
epoxy resin compositions. Examples are compositions 
incorporating with an epoxy resin a latent curing agent 
such as dicyandiamide, a BF^ -amine complex and an amine 
salt; compositions obtained by mixing an epoxy resin and 
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an amine- type curing agent and immediately freezing the 
mixture to stop the reaction between the resin and the 
curing agent; compositions in which an amine-type curing 
agent is formed into microcapsules dispersed in an epoxy 
5 resin (e.g. Japanese Unexamined Patent Publication No. 
83023/1983 and Japanese Patent Publication No. 
43176/1986); compositions in which a curing agent is 
adsorbed in a molecular sieve to prevent the curing agent 
from coming into contact with the epoxy resin; etc. 
10 However , these compositions which use freezing , 

microencapsulation , molecular sieves, etc. may have 
extremely high production costs in the present technical 
state of the art. Furthermore, they can not be said to 
give satisfactory performances. 

15 For instance, in Japanese Patent Publication No. 

17654/1968, a curing agent is formed into microcapsules 
to provide a one-liquid type composition. However, when 
an epoxy resin is cured with this curing agent, the 
microcapsules must be destroyed by the application of 

20 mechanical force. Accordingly, such a composition is not 
suitable under the presently required curing conditions 
of 100 to 150 °C in 10 to 60 minutes without the 
application of pressure. In Japanese Unexamined Patent 
Publication No. 83023/1983, a functional group present on 

25 the surface of the particles of a curing agent (which 

functional group reacts with an epoxy resin) is blocked 
with methyl iodide, acetic acid, etc. However, such a 
mere blockage of the surface functional group cannot 
achieve the performance, in particular with respect to 

30 storage stability, of ai one-liquid type composition. 

Also in the examples where a latent curing agent is used, 
those having excellent storage stability must be cured at 
high temperature, whereas those capable of being cured at 
relatively lower temperature are inferior in storage 

35 stability. Thus, in practice, the compositions 
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containing a latent curing agent are not satisfactory. 

Even though they are not entirely satisfactory, a variety 
of one-liquid type epoxy resin type compositions 
containing a latent curing agent are used in view of the 
5 easy handling of the curing agent and the inexpensiveness 
of the products. However, as mentioned above, the 
compositions which have excellent storage stability may 
have inferior curability, and various improvements have 
been attempted. Dicyandiamide, which is a well-known 

10 latent curing agent, requires a curing temperature of 170 
°C or more when it is cured by itself* Its storage 
stability is 6 months or more at room temperature. In 
order to lower the curing temperature of dicyandiamide, 
it has been proposed to add an accelerator such as a 

15 tertiary amine, an imidazole, or a dimethylurea compound. 
The addition of the accelerator lowers the curing 
temperature, but decreases the storage stability, thus 
not making the most of the latent properties of the 
dicyandiamide. Accordingly, there has been a strong need 

20 for a one-liquid type epoxy resin composition containing 
an accelerator capable of lowering the curing temperature 
without impairing characteristics such as excellent 
storage stability possessed by a latent curing agent like 
dicyandiamide. 

SUMMARY OF THE INVENTION 

25 The present inventors have made intensive studies to 

develop an epoxy resin composition which can overcome the 
disadvantages possessed by conventional one-liquid type 
epoxy resin compositions, and yet can retain the 
advantages inherent in the one-liquid type composition. 

30 This invention has been thus accomplished. 

Namely, this invention concerns a one-liquid type epoxy 
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resin composition which comprises? 

(1) an epoxy resin (A); and 

(2) a curing agent (B) consisting essentially of 
a powdery amine compound (C) haying a softening 
temperature of 50 to 150 °C, the particles of said 
powdery amine compound being coated with at least one of 
the following layers: 

(i) a layer formed by adhesion to the surface of said 
articles' of at least one compound selected from the group 
consisting of an isocyanate CD), a carboxylic acid CE), a 
carboxylic acid anhydride (P) , an acid halogenated 
compound (G) and an eppxy compound (H) ; and 

.(11) a layer formed by covalent bonding of the powdery 
amine compound (C) with at least one compound selected 
15 from the group consisting of an isocyanate CD), a 

carboxylic acid CE)* a carboxylic acid anhydride (F), an 
acid halogenated compound (G) and an epoxy compound (H) ; 

the softening temperature of said curing agent CB) being 
5 to 50 °C higher than the softening temperature of said 
20 powdery amine compound CO- 

This invention also concerns a one-liquid type epoxy 
resin con^osition which comprises; 

CI) an epoxy resin CA) ? 

C2) a curing agent CB) comprising a powdery amine 
25 compound IC) having a softening temperature of 50 to 150 
°C r the particles of said powdery amine compound being 
coated with at least one of the following layers: 



Ci) a layer formed by adhesion to the surface of said 
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particles of at least one compound selected from the 
group consisting of ah isocyanate <D), a carboxylic acid 
(E), a carboxylic acid anhydride <F>, an acid halogenated 
compound (G) and an epoxy compound (H); and 

(ii) a layer formed by covalent bonding 'of the powdery 
amine compound (C) with at least one compound selected 
from the group consisting of an isocyanate (D), a 
carboxylic acid <E), a carboxylic acid anhydride <F>, an 
acid halogenated compound (G) and an epoxy compound (H); 

the softening temperature of said curing agent (B) being 
5 to 50 °g higher than the softening temperature of said 
powdery amine compound (C); and 



(3) at least one compound selected from the group 
consisting of a guanidine (O) , an aromatic amine (P), a 
15 carboxylic acid anhydride (Q) and a hydrazide (R). 

The one-liquid type epoxy resin composition according to 
this invention has excellent storage stability and 
curability as compared with conventional one-liquid type 
epoxy resin compositions. Further, variances in products 
20 due to productxon conditions can be significantly reduced 
with the one-liquid type epoxy resin composition of this 
intention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The one-liquid type epoxy resin composition of this 
invention will be described below in greater detail. 

25 The epoxy resin (A) used in this invention is not 

particularly limited as long as it has two or more epoxy 
groups in one molecule on an average. For example, the 
epoxy resin may be prepared from polyhydric phenols such 



• -e- 



0193068 



as bisphenol A, bisphenol F r catechol and resorcinol; 
polyglycidyl ethers obtained by reacting polyhydric 
alcohols such as glycerine and polyethylene glycol with 
epichlorohydrin; esters of glycidyl ether obtained by 
5 reacting hydroxycarboxylic acids such as p-oxybenzoic 
acid/ and /S-oxy naphthoic acid with epichlorohydrin? 
polyglycidyl esters obtained by reacting polycarboxylic 
acids such as phthalic acid and terephthalic acid with 
epichlorohydrin; glycidyl amine compounds obtained by 
10 reacting 4, 4^diaminodiphenyl- methane, m-aminophenol, 
etc* with epichlorohydrin? epoxydized novolac resins; 
epoxydized cresol novolac resins; epoxydized polyolefins, 
etc. 

The epoxy resin (A) is not limited to the above examples. 

15 A preferable epoxy resin contains a glycidyl ether of 

bisphenol A. The hydrolyzable chlorine contained in the 
epoxy resin greatly affects the storage stability and the 
curability of the product. Accordingly, the content of 
hydrolyzable chlorine preferably should not exceed 300 

20 ppm, and more preferably, should not exceed 50 ppm. 

The powdery amine compound (C) used in this invention and 
having a softening temperature of 50 to 150 °c. may be 
obtained by grinding an amine compound (C) having a 
softening temperature of 50 to 150 °c. If the softening 

25 temperature is less than 50 °C, the powdery amine 

compound (C) tends to coagulate during storage, making 
handling of the product difficult. If it is more than 
150 °C, the goal of curing in a shorter time is not met. 
In order to obtain a product which cures very easily and 

30 has excellent storage stability, the preferable softening 
temperature is the range of from 60 to 120 °C. In this 
invention , the softening temperature refers to the 
temperature at which the substance starts to melt, and is 
measured according to JIS-K0064 "Method of Measuring 
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Melting Points of Chemical Products" , 

The powdery amine compound CO used in this invention and 
having a softening temperature of 50 to 150 °C may be a 
single compound. Examples are aliphatic amines such a$ 
5 decamethylenediamine; aromatic amines such as 

o-phenylenedi amine, triamino-benzine, o-aminobenzylamine, 
2, 4-diaminotoluene, tr iaminotoluene, benzidine, 
4, 4-diaminodiphenylmethane, p,p-bisaminomethybiphenyl, 
p,p-bis^aminomethyldiphenylniethane, methaphenylenediamine 

10 and paraphenylenediamine; imidazole compounds such as 
imidazofe, 2-methylimidazole, 2-undecyliroidazole r 
4-methyl imidazole , 2-phehyl imidazole , 2-heptadecyl imida- 
zole, l-cyanoethyl-2-methylimidazole and l-cyanoethyl-*2- 
undecyl- imidazole- trimellitate; and imidazoline compounds 

15 such as 2-methylimidazoline, 2-phenyl imidazoline, 
2-undecylimidazoline and 2"-heptadecylimidazoline. 

The powdery amine compound (C) may also be the reaction 
product of an epoxy resin-curing agent (X) with a 
compound (Y) . 

20 The epoxy resiii-curing agent (X) may be an aliphatic 
amino compound such as ethylenediamine, diethylene- 
triamine , triethylenetetramine, tetraethylenepentarninQ 
and diethylaminopropylamine; an aromatic amine such as 
m-phenylenediamine, diaminodiphenylme thane, 

25 diaminodiphenylsulfone and bisaminomethyldiphenylmethaner 
a hydrazide such as adipic dihydrazide, succinic 
dihydrazide, sebacic dihydrazide, and terephthalic 
dihydrazide; dicyandi amide; an imidazole compound si^ch as 
2-methylimidazole, 2-ethyl imidazole, 2-isopropylimidaTT 

30 zole r 2-dodecylimidazole, 2-undecylimidazole, 2-ph^nyl^ 
imidazole and 2-ethyl-4-methylimidazole; a carbonate of 
an imidazole compound; etc. 
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The compound (Y) may be a carboxylic acid such as 
succinic acid, adipic acid, sebacic acid, phthalic acid, 
terephthalic acid and diroeric acid; a sulfonic acid such 
as ethanesulfonic acid and p-toluenesulfonic acid? an 
5 .isocyanate such as toluylene diisocyanate, 
_ 4/4-diphenylme thane diisocyanate and hexamethylene 
_ diisocyanate? a p-hydroxystyrene resin; a phenol resin; 
an epoxy resin; etc. The reaction of the epoxy 
resin-curing agent (X) with the compound (Y) may be 
10 carried out by commonly known synthesis methods. The 
. ^softening temperature of the powdery amine compound (C) 
may be Controlled by controlling the amounts of epoxy 
resin-curing agent (X) and of compound (Y) . 

The powdery amine compound (C) may be selected from those 

15 amines having a softening temperature of 50 to 150 °C, 
but it is preferably ..a compound (I) having two or more 
amino group active hydrogens per molecule of the powdery 
amine compound (C) , or having one or .more tertiary amino 
groups per molecule of the powdery amine compound (C). 

20 The compound having the amino group active hydrogens may 
be, for example, the above-mentioned aromatic amine 
compounds having a softening temperature -of 50 to 150 °C; 
adduct s of aliphatic amines with an epoxy resin such as 
an adduct of ethyl enediamine with an epoxy resin, an 

25 adduct of diethylenetriamine with an epoxy resin, an 

adduct of triethylenetetramine with an epoxy resin, an 
adduct of hexamethylenedi amine with an epoxy resin and an 
adduct of diethylaminopropylamine with an epoxy resin; 
condensates of aliphatic amines with di carboxylic acids; 

30 polyureas such as an adduct of an aliphatic amine with 
toluylene diisocyanate and an adduct of an aliphatic 
amine with hexamethylenedi isocyanate; and denatured 
products of succinic hydrazide, adipic hydrazide, 
dicyandiamide, etc. The compound having one or more 

35 tertiary amino groups may be, for example, the 
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above-mentioned imidazole compounds having a softening 
temperature of 50 to 150 °C; adducts of imidazole 
compounds with epoxy resins; adducts of carboxylates ot 
imidazole compounds with epoxy resins; and adducts of 
5 compounds having secondary amino groups with an epoxy 
resins such as an adduct of dimethylamine with an epoxy 
resin , an adduct of dipropylamine with an epoxy resin , £n 
adduct of di(hydroxymethyl) amine with an epoxy resin and 
an adduct of di (hydroxyethyl) amine with an epoxy resin. 
10 Compound (I) may be produced by commonly known synthesi.3 
methods „ The softening temperature of compound (1) may 
be controlled by controlling the amounts of the 
reactants. 

Of these powdery amine compounds (C) r particularly • 

15 preferable for obtaining a product having excellent 
curability and storage stability is an imidazole 
derivative (J) having one or more hydroxyl groups per 
molecule of the powdery amine compound (C). Such a 
compound may be an adduct (N) of an imidazole compound 

20 (L) or a carboxylic acid salt (M) of an imidazole 

compound with a compound (K) having one or more epoxy 
groups per molecule. The imidazole compound (L) may be 
imidazole, 2-methylimidazole, • 2-ethylimidazole, 
2-ethyl-4-methylimidazole, 2- isopropyl imidazole, 

25 2-undecylimidazole, 2-phenylimidazole, etc. and their 

carboxylic acid salts. The carboxylic acid may be acptic 
acid, lactic acid, salicylic acid, benzoic acid, adipic 
acid, phthalic acid, citric acid, tartaric acid, maleic 
acid, trimellitic acid, etc. Also, the compound (K) 

30 having one or more epoxy groups per molecule may be a 
monoepoxy compound such as butylglycidyl ether, 
hexylglycidyl ether , phenylglycidyl ether r 
p-xylylglycidyl ether, glycidyl acetate, glycidyl 
butyrate, glycidyl hexoate, glycidyl benzoate, etc., or 

35 the compound (K) may be any of the above-mentioned 
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respective components for the epoxy resin (A). For 
obtaining excellent curability and storage stability, 
preferable is a compound or a mixture of compounds 
selected from 2-me thy 1 imidazole and 2- ethyl- 
4-methylimidazole as the imidazole compound (L> , and most 
preferable as the epoxy compound (K) is an epoxy resin 
obtained by reacting bisphenol A with epichlorohydrin. 

The adduct (N) of the imidazole compound (L) with the 
epoxy compound (K) may be produced by commonly known 
methods- The softening temperature of the adduct (N) may 
be contfolled by controlling the amounts of the imidazole 
compound (L) and the epoxy compound (K). 

The mean particle size of the powdery amine compound (C) 
used in this invention is not particularly limited. 
Sometimes, however, the curing rate may be reduced and 
the properties of the cured product impaired when the 
mean particle size is too large. Preferably, the mean 
particle size should not exceed 50 ji. A mean particle 
size exceeding this value may result in lowering of 
chemical resistance and mechanical strength in the cured 
product. Most preferably, the mean particle size should 
not exceed & ji. 

The mean particle size refers to the Stokers 1 diameter 
measured by a centrifugal sedimentation method or a 
sedimentation method shown in Table 4.4 in "Coagulation 
Engineering" published in 19 82 by the Japan Powder 
Industry Technolgy Association. The mean particle size 
refers also to a mode diameter. 

The shape of the particles of the powdery amine compound 
(C) used in this invention is not particularly limited 
However, for readiness in curing, the particles should 
have a non-spherical shape. Non-spherical particles may 
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be obtained by mechanical grinding. For example , a 
hammer mill grinding machine, a jet grinding machine^ a 
ball mill grinding machine, etc. may be used. 

"Non-spherical shape" in this invention means a shape 
5 having more than one values in the spherical degree shown 
in Table 13 - 3 in the "Handbook of Chemical Industries", 
Chemical Industry Association, Revised 4th Edition, 
January 20, 1984 r 4th Print* 

The isocyanate compound (D) used in this invention may be 
10 pKenyl isocyanate, 4, 4-diphenylmethane diisocyanate, 

tolylene diisocyanate, hexamethylene diisocyanate, and 
xylylene diisocyanate, etc. 

The car boxy lie acid compound (E) may be an formic acid, 
acetic acid, propionic acid, butyric acid, adipic acid, 
15 succinic acid, phthalic acid, terephthalic acid, etc. 

The acid halogenated compound (G) may be an acid halide 
such as acetyl chloride, a chloride of propionic acid, a 
chloride of succinic acid, a chloride of adipic acid, 
etc. 

20 The carboxylic acid anhydride compound (F) may be 

pyromellitic anhydride, benzophenone tetracarboxylj.© 
anhydride, acetic anhydride, propionic anhydride, 
phthalic anhydride, etc. 

The epoxy compound (H ) may be the above-mentioned 
25 compound ( K) having one or more of epoxy groups p$p 

molecule, or the above-mentioned amine compound (Q|, etc. 

The preferable compound for coating the particles 
epoxy resin (A) is an isocyanate (D). Particularly 
preferable is a compound or a mixture of compounds 
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selected from toluylene diisocyanate and 4 , 4-diphenyl- 
me thane diisocyanate, whereby a product having very 
excellent storage stability and curability can be 
obtained. 



In this invention, the method of coating the powdery 
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amine compound (C) with the layer formed by adhesion 
and/or by covalent bonding may be, for example, a method 
in which the powdery amine compound (C) is homogeneously 
dispersed (preferably with stirring) in a solvent which 
does not dissolve it, followed by addition of the 
isocyanate (D) f etc., or a method in which the powdery 
amine compound (C) is f luidized in a stream, followed by 
spraying of the isocyanate (D), etc. 

In this invention, it is very important that the 
softening temperature of the curing agent (B) is 5 to 50 
°C higher than the softening temperature of the powdery 
amine compound (C), in order for good storage stability 
and curability to be obtained. If the softening 
temperature of the curing agent (B) is less than 5 °C 
higher than the softening temperature of the powdery 
amine compound (C), no improvement in storage stability 
is achieved, thus making the product unsuitable for use 
in the summer, although there would be no remarkable 
difference between curability of the curing agent (B) and 
the curability of the powdery amine compound (C). If the 
difference in softening points between the curing agent 
(B) and the powdery amine compound (C) exceeds 50 °C, the 
curability of the curing agent (B) becomes extremely poor 
as compared with that of the powdery amine compound (C), 
although the storage stability of the curing agent (B) 
becomes very good. The difference in the softening 
temperatures may be controlled by selecting the kind of 
the powdery amine compound (C) or adjusting the kind or 
the amount of the powdery amine compound (C), the 
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isocyanate <D), the carboxylic acid (E), the carboxylic 
acid anhydride (F), the acid halogenated compound < G ) and 
the epoxy compound (H>. Particularly preferably, the 
difference in softening temperatures should be 10 to 40 
5 °c for best curability and storage stability. 

The average thickness of the coating layer formed by 
adhesion or covalent bonding to the surface of the 
particles of amine compound (C) is chosen from the 
viewpoint of the curability and storage stability, and is 

10 preferably in the range of 100 to 10,000 A. If it is 
le'ss thah 100 A, the storage stability will not be 
improved, and if it is more than 10,000 A, the curability 
will become extremely inferior as compared with that of 
the powdery amine compound <C). The thickness of layer 

15 herein mentioned may be determined by observing a sliced 
curing agent (B) by use of a transmission type electron 
microscope. Particularly preferably, the average 
thickness should be in the range of 200 to 1,000 A for 
best curability and storage stability. 

20 In this invention, the difference in softening 

temperature between the powdery amine compound (C) and 
the curing agent (B) is due to the apparent rise in 
softening temperature caused by formation of the coating 
layer by adhesion or covalent bonding to the powdery 

25 amine compound (CI. 

In this invention, it is not possible to distinguish thie 
coating layer formed by adhesion from the coating layer 
formed by covalent bonding to the surface of the powdery 
amine compound ( C ) . 

30 The guanidine compound (O) used in this invention may be, 
for example, dicyandiamide, methyl guanidine, ethyl 
guanidine, propyl guanidine, butyl guanidine, dimethyl 




0193068 



guanidine, trimethyl guanidine, phenyl guanidine, 
diphenyl guanidine, toluyl guanidine, etc. The aromatic 
amine (P) may be, for example, diaminodiphenylmethane, 
diaminodiphenylsulf one, m-phenylenediamine, 
p-phenylenediamine, diami no toluene , diaminoxylene, 
diaminodiphenyl amine, diaminobiphenyl , 

bis < 3-chloro-4-aminophenyl) methane, diaminobenzoic acid, 
etc. The carboxylic acid anhydride _(Q) may be, for 
example, phthalic anhydride, trimellitic anhydride, 
pyromellitic anhydride, hexahydrophthalic anhydride, 
tetrahydrophthalic anhydride, 3-chlorphthalic anhydride, 
4-chlqrophthalic anhydride benzophenonetetracarboxylic 
anhydride, succinic anhydride, methylsuccinic anhydride, 
dimefchylsuccinic anhydride, dichlorosuccinic anhydride, 
nadic methyl anhydride, succinic dpdecyl anhydride, 
chlprendic anhydride, inaleic anhydride, etc. The 
hydrazide (R) may be, for example, succinic hydrazide, 
adipic hydrazide, grlutaric hydrazide, sehacic hydrazide, 
phthalic hydrazide, isophthalic hydrazide, terephthalic 
hydrazide, p-oxybenzoic hydrazide, salicylic hydrazide, 
phenylaminopropionic hydrazide, maleic hydrazide, and the 
like. 

The one-=-liq;uid type epoxy resin composition according to 
this invention is obtained by merely mixing the epoxy 
resin. (A) and the curing agent (B) homogeneously. The 
mixing ratio is selected in view of both the curability 
and the properties of the cured product, and is 
preferably 0.1 part. to 50 parts by weight of the curing 
agent (B) to 100 parts by weight of the epoxy resin (A>. 
If. the amount of curing agent (B) is less than 0.1 part 
by weight, a very long period of time is required to 
obtain sufficient curing, thus making the a product 
unsuitable for practical use. Also, if the amount of 
curing agent (B) exceeds 50 parts by weight, the 
viscosity of the mixture becomes high, thus increasing 
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heat generation during the course of curing, thereby 
making it too difficult to control the curing to obtain a 
cured product. 

The one-liquid type epoxy resin composition according 1 to 
this invention can also be obtained by merely mixing 
homogeneously the epoxy resin (A), the curing agent (B), 
and component (3) selected from the group consisting of a 
guanidine, an aromatic amine, a carboxylic acid anhydride 
and a hydrazide. The mixing ratio is selected in view of 
the curability and the properties of the cured product, 
and is pfeferably 5 to 80 parts by weight of component 
<3> and 0.1 part to 20 parts by weight of the curing 
agent (B) to 100 parts by weight of the epoxy resin (A). 
If the amount of component 1.3) and the amount of the 
curing agent (B) are less than 5 parts by weight and 0.1 
part by weight, respectively, a very long period of time 
is required to obtain sufficient curing, thus making the 
product unsuitable for practical use. Also, if the 
amount of . component (3) and the amount of the curing 
agent (B) exceed 80 parts by weight and 20 parts by 
weight, respectively, the viscosity of a mixture becomes 
high, making the composition difficult to handle. 

The one-liquid type epoxy resin composition according to 
this invention may be used optionally in combination with 
25 other curing agents. They may be, for example, phenol 
resins, melamine resins, urea resins, etc. 

The one-liquid type epoxy resin composition according to 
this invention may be mixed optionally with an extending 
agent, a reinforcing agent, a filler, a pigment, etc. 
30 They may be; for example, coal tar, glass fiber, asbestos 
fiber, boron fiber, carbon fiber, cellulose, polyethylene 
powder, polypropylene powder, quartz powder, mineral 
silicate, mica, asbestos powder, slate powder, kaolin, 
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aluminum oxide trihydrate, aluminum hydroxide, chalk 
powder., gypsum, calcium carbonate, antimony trioxide, 
pentone, silica, aerosol, lithophone, baryte titanium 
dioxide, carbon black, graphite, iron oxide, gold, 
aluminum powder, iron powder, etc. These optional 
components may be selected according to the end-use of 
the= ;cqmposition. 

The one-liquid type epoxy resin omposition of this 
invention may be mixed, optionally with an organic . 
solvent r a reactive diluent, a non-reactive diluent, a 
denatures epoxy resin , etc. The organic solvent may be, 
for example, toluene, xylene, methyl ethyl ketone, methyl 
isohutyl ketone, ethyl acetate, butyl acetate, etc. The 
reactive diluent may be, for example, butyl glycidyl 
ether, N.N-diglycidyl-o-toluidine, phenyl glycidyl . ether, 
styrene oxide, ethylene glycol diglycidyl ether, 
propylene glycol diglycidyl ether, 1, 6-hexanediol 
diglycidyl ether, etc. The non-reactive diluent may be, 
for example, dioctyl phthalate, . dibutyl phthalate, 
20 dioctyl adipate, petroleum solvents, etc. The modified 
epoxy resin may be, for example, a urethane modified 
epoxy resin, a rubber modified epoxy resin, an alkyd 
modified epoxy resin, etc. 



10 



15 



25 



30 



The; one-liquid type epoxy resin composition of this 
invention, has excellent storage stability at room 
temperature, has remarkably improved durability as 
compared with conventional one liquid type epoxy resin 
compositions, and can provide a cured product having good 
performance. 

The. one-liquid type epoxy resin composition according to 
this invention, giving an excellent cured product, can be 
utilized in a variety of fields. For instance, as 
adhe^ives, it is useful, in the field of automobiles, for 
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fixing of headlights and gasoline tanks, joining of 
hemming flange portions of hoods and joining steel plates 
of bodies and roofs; in the electrical field, for fixing 
radio speaker magnets, impregnation and adhesion of motor 
coils, fixing of type heads and batteries, fixing of 
stabilizers for fluorescent lamps; and in the electronic 
field, as adhesives for die bonding, IC-chip encapsu- 
lating agent, adhesives for chip coating materials, chip 
mounting materials and printed boards; etc. As coating 
materials, it is useful for powder coating, or, in a 
special field, for solder resist ink, electroconductive 
coatings; etc. It is also useful for electric insulating 
materials, laminated structures, etc. 

This invention will be described but is by no means 
15 limited in its scope by the following Examples. In the 
examples, "part" means by "part by weight". 

Reference Example 1 & Example 1 

Prepared was a reaction product of 2-methyl imidazole with 
AER 330 (trademark; produced by Asahi Kasei Kogyo K. K. ; 

20 a bisphenol type epoxy resin; epoxy equivalent: 185) 
(hereinafter "amine compound (a)"), and a reaction 
product of 2-methylimidazole with AER 661 (trademark; 
produced by Asahi Kasei Kogyo K. K. ; a bisphenol A type 
epoxy resin; epoxy equivalent: 470) (hereinafter "amine 

25 compound (b)"). Amine compound (a), amine compound (b) 
and 2-ethyi-4-methylimidazole were mixed to obtain amine 
compound (C). Amine compound (O was finely grounded 
into powder having a mean particle size of 4 p. A jet 
grinding machine was used: (Hereinafter, a jet grinding 

30 machine was used unless otherwise stated.) It was 

confirmed by microscopic observation that the shape of 
the finely ground particles was not spherical. In 200 
parts of hexane, 100 parts of amine compound (C) having a 
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mean particle size of 4 }i was dispersed, to which 3.0 
parts of tolylene diisocyanate were added while heating 
at 40 °C with stirring. After 2 hours of this treatment, 
hexahe was removed under reduced pressure and a curing 
agent (C ) was obtained. Properties of these are shown 
in Table 1. 

8 parts of curing agent (C* ) were dispersed in 100 parts 
of AER X-2501 (trademark? produced by Asahi Kasei Kogyo 
K. K. 7 a bisphenol A type epoxy resin; epoxy equivalent: 
19 0? hydrolyzable chlorine: 250 ppm) to give a 
orie-liquid type resin composition according to this 
invention* 

The curability and storage stability of this composition 
were measured. The results are shown in Table 2. 

Test method: 

Gelling time refers to the time by which 0.5 g of the 
composition placed on a steel plate heated to 120 °C no 
longer exhibited fiber-forming property. Storage 
stability is indicated by the period during which the 
increase in the viscosity of the composition at 25 °C is 
not more than 2- fold. 

Table 1 
Reference Example 1 



Amine compound (C) 

I Softening temperature ) 90 

Curing agent (C* ) 

(Softening temperature) 109 

Difference in softening temperature 19 



Mixing: 
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AER X-2501 100 (parts) 

Curing agent (CM 8 (parts) 



Gelling time (min.) 3.0 
Storage stability (month) 12 



Curing agent (C* ) was observed by a transmission type 

microscope. It was found that the coating layer had an. 

© 

average thickness of 400 A. 

The curing properties of the cured product employing the 
5 curing agent (CM (Curing conditions; 120 °C x 30 mini , 
mixed as in Table 2) are shown below: 

Tg: 165 °C 

Tensile strengths 275 kg/cm 2 

Tensile elongation: 3.4 % 

10 Izod impact: 2.8 kg cm/cm 

Water absorption: 0.2 % (25 °C/7 days, weight 

in water 

Shear adhesion strength (Fe-Fe): 150 kg/cm 2 
t (Dielectric constant): 3.5 (1 MHz) 
15 Tan £ (dielectric tangent): 0.008 (1 MHz) 

Reference Examples 2 to 5 & Examples 2 to 5: 

Amine compound (a), amine compound (b) and 2-ethyl-4- 
methylimidazole which were used in Example 1 were mixed 
to obtain amine compound (d), (e) (f) and (g). Amine 
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compounds <d), <e) r (f) and (g) were ground into powders 
having mean particle sizes of 4 ji each. In 200 parts of 
hexane, 100 parts each of amine compounds Cd) , (e* # (f) 
and (g) were dispersed, to which 3.0 parts each of 
5 tolylenediisocyanate were added while heating at 40 °C 
with stirring. After 2 hours of this treatment, hexane 
was removed under reduced pressure and curing agents 
Cd 1 y, <e f ) , (f*> and <g' ) were obtained. Their 
properties of these are shown in Table 3. 

6 parts of each of curing agents (d 1 >, (e 1 ) , (f f ) and 
(g r ) were dispersed in 100 parts of AER X-2501. 

The curability and storage stability of the resulting 
compositions were measured. The results are shown in 
Table 4. 



Table 3 (Reference Examples) 



Reference Example 


2 


3 


4 


5 


Amine compound 


(d> 


(e) 


(f I 


(g) 


(Softening temperature} 


55 


65 


115 


145 


Curing agent 


(d* ) 


Ce r > 


(f f ) 


(g 1 ) 


(Softening temperature) 


76 


85 


135 


154 


Difference in 


21 


20 


20 


19 


softening temperature 











15 Softening temper a tiire- - . measured according to JIS 0064 
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Mixing: 

AER X-2501 100 100 100 100 

Curing agent 

(d') 8 

(e'> 8 

<f> 8 

<g'> 8 

Gelling time (min.) 2.5 3.0 3.0 4.0 

Storage stability (month) 8 12 12 12 



Examples 6 & 7 

In 200 parts of hexane were dispersed 100 parts of amine 
compound (C) having a mean particle size of 4 p f to which 
0.5 part and 8 parts, respectively, of tolylene diiso- 
5 cyanate were added while heating at 40 °C with stirring 
to obtain the corresponding curing agents (C") and (C ttl ). 
The softening temperature of curing agent (C M ) was 97 °C 
and softening temperature of curing agent (C" 1 ) was 137 
°C. The softening temperature of. the curing agents was 
10 7 °C and 47 °C, respectively above the softening 
temperature of amine compound (C). 

The curability and storage stability of the compositions 
shown in Table 5 were measured. The results are also 
shown in Table 5. 
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Table 5 


Example 


6 




7 




AER X-2501 
Curing agent CC") 
Curing agent (C n * ) 


100 
8 




100 
8 




Gelling time (iain. ) 2.5 
Storage stability (month) 6 


12 


4.0 





Curing agents (C"> and CC") were observed by a 
transmission type microscope. It was found that the 
coating layer had an average thickness of 120 A and 6,000 
A* respectively. 



5 Example 8 

Amine compound (f) used in Example 4 was finely ground 
and classified to obtain a ground material having a mean 
particle size of 40 p. 

100 parts of amine compound (f ) having a mean particle 
10 size of 40 were dispersed in 200 parts of hexane, to 

which 2.5 parts of tolylene diisocyanate were added while 
heating at 40 ©C with stirring. After 3 hours of this 
treatment, hexane was removed under reduced pressure and 
curing agent (f) was obtained. The softening 
15 temperature of curing agent (f) was 120 °C, which is 15 
°C higher than the softening temperature of amine 
compound ( f ) - 
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8 parts of curing agent <£■> were dispersed in 100 parts 
of AER X-2501. The curability and storage stability of 
the resulting compositions are shown below. 

Curability (gelling time): 

at 120 °C 5 minutes 

Storage stability: 

at 25 °C 12 months 



Example 3 

In 100 parts of AER X-2503 (trademark; produced by Asahi 
10 Kasei Kogyo K. K. ; a bisphenol A type epoxy resin: epoxy 
equivalent: 191; hydrolyzable chlorine: 40 ppm), 8 
parts of curing agent (C) prepared in Example 1 were 
dispersed. 

The curability and storage stability of the resulting 
15 composition are shown below. 

Curability (gelling time): 

at 120 ©c -2.5 minutes 

Storage stability: 

at 25 °C 12 months 

20 Example 10 

Triethylenetetramine was reacted with AER 661 to give 
amine compound (h), which was then ground into a powder 
having a mean particle size of 3.5 p. The softening 
temperature of amine compound (h) was 85 °C. 

25 In 200 parts of hexane, 100 parts of amine compound (h) 
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were dispersed, to which 3.5 parts of 4 ,4-diphenylme thane 
diisocyanate were added at 25 °C with stirring. After 
stirring for 3 hours, hexane was removed under reduced 
pressure and curing agent Ch' ) was obtained. The 
5 softening temperature of curing agent (£•) was 103 C, 
• which is 18 °C higher than the softening temperature of 
amine compound (h). 

in 100 parts of AER X-2501, 25 parts of curing agent (h« ) 
were dispersed. The curability and storage stability of 
10 the resulting composition are shown below. 

Curability (gelling time) s 

at 120 °C 6 ™ in » tes 

Storage stability s 

. at 25 °C 6 months 

15 Comparative Example 1 

in 100 parts of AER X-2502, (trademark; produced by Asahi 
Kasei Kogyo K. K. r a bisphenol A type epoxy resin; epoxy 
equivalent: 191; hydrolytic chlorine*. 4,000 ppm) , 8 
parts of curing agent (CM were dispersed. The 
20 curability of the resulting composition was examined. As 
shown below, it was found to be extremely poor as 
compared with that in Example 1. 

' , on. 15 minutes 

Gelling time at 120 °C: 

Comparative Examples 2 6 3 

25 To 100 parts of amine compound (C) having a mean particle 
size of 4 u used in Reference Example 1, 0.25 part and 
10 0 parts each of tolylenediisocyanate were added to 
give curing agents (Cl) and (C2>. The softening tern- 
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peratures of curing agent (CD and (C2) were 93 °C and 
145 °C, respectively, which were respectively 3 °C and 5 5 
°C higher than the softening temperature of amine 
compound ( C ) . 

5 The curability and storage stability of the compositions 
shown in Table 6 were examined. The results are also 
shown in Table 6. 



Table 6 



Comparative Example 


2 


3 


AER X-2501, 


100 


100 


Curing agent (CD 


8 




Curing agent (C2) 




8 


Gelling time (min.) 


2.5 


20 


Storage stability (month) 


1> 


12 



Curing agents (CI) and (C2) were observed by a 
transmission type microscope. It was found that the 

o « 

10 coating layer had a thickness of 80 A and 11,000 A, 
respectively. 

Comparative Example 4 

Amine compound (f ) having once been dissolved in a 
solvent was spray-dried and finely ground. The powder 
15 obtained had a mean particle size of 3.8 and it was 
confirmed by a microscopic observation to be of almost 
completely spherical shape. This spray-dried material 
was treated in the same manner as in Example 4 to obtain 
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curing agent (fl). In 100 parts of AER X-2501, 8 parts 
of this curing agent (fl) were dispersed. The curability 
and. storage stability of the resulting composition were 
measured. As shown below, curing agent (fl) had inferior 
5 curability as compared with that in Example 4. 

Gelling time at 120 °C 7 minutes 

Storage stability at 25 °C 12 months 

Comparative Example 5 

Amine cotnpound (f) used in Example 4 was ground into 
10 powder having a mean particle size of 80 ji. To 100 parts 
of amine compound (f) r 2-5 parts of TDI were added to 
give curing agent (f2). 

In 100 parts of AER X-2501, 8 parts of curing agent Cf2) 
were dispersed. The gelling time of the resulting 
15 composition was measured. As shown below, it was 

extremely inferior as compared with that in Example 4. 

Gelling time at 120 °C 20 minutes 

Examples 11 to 14 

The components shown in Table 5 were incorporated into 
20 100 parts of AER 331 (trademark; produced by Asahi Kasei 
Kogyo K. K. ; a bisphenol A type epoxy resin; epoxy 
equivalents 189). The gelling time and storage stability 
of the resulting compositions were measured. The results 
are also shown in Table 5. 
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Table 5 



Example 



11 



12 



13 



14 



Curing agent (f ' ) 
Dicyandi amide 
Trimellitic anhydride 
Adipic hydrazide 
Diaminodiphenylsulf one 



4 

8 



4 

25 



10 



Gelling time (140 °C/min. ) 8 6 8 

Storage stability (25 °C/month) 

6< 6< 6< 



20 
12 
6< 



The properties of cured products obtained in Example 11 
(curing condition: 14 0 °C/30 minutes) are shown below. 



Shear adhesion strength (Fe-Fe) 
Tensile strength: 500 kg/cm 2 



200 kg/cm 2 



Comparative Example 6 



The surface treatment disclosed in Japanese Unexamined 
Patent Publication No. 83023/1983 was repeated on amine 
compound (f ) having a mean particle size of 4 u used in 
Example 4. Using methyl iodide as a surface treatment 
agent, 5 parts of methyl iodide were added to 100 parts 
of amine compound (f ) having a mean particle size of 4 p 
to obtain curing agent <f3>. 



In 100 parts of AER X-2501, 8 parts of curing agent (f3) 
were dispersed. The storage stability of the resulting 
composition was measured. It was found that the 
composition cured within 1 month of storage at 25 °C, 
which is most undesirable. 
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1. A one-liquid type epoxy resin composition which 

comprises* 

(1) an epoxy resin (A) containing at least an 
average of two epoxy groups per molecular unit? 

.5 and 

(2) a curing agent CB) consisting essentially of a 
powdery amine compound (C) having a softening point of 50 
to 15 0 °C r the particles of said powdery amine compound 
being coated with at least one of the following layers: 

10 (i) a layer formed by adhesion to the surface of said 
particles of at least one compound selected from the 
group consisting of an isocyanate (D) , a carboxylic 
acid (E) , a carboxylic acid anhydride (F) , an acid 
halogenated compound (G) and an epoxy compound (H)y and 

15 (ii) a layer formed by covalent bonding of the powdery 
amine compound (C) with at least one compound selected 
from the group consisting of an isocyanate (D) , a 
carboxylic acid (E) r a carboxylic acid anhydride (F) r 
an acid halogenated compound (G) and an epoxy compound 

20 <H>; 

the softening temperature of said curing agent CB) 
being 5 to 50°C higher than the softening temperature 

of said powdery amine compound (C) . 

2 • A one-liquid type epoxy resin composition which 
25 comprises; 

CD an epoxy resin (A) containing at least an 
average of two epoxy groups per molecular unit; 



10 



15 



(2) a curing agent (B) consisting essentially of a 
powdery amine compound (C), the particles of said powdery 
amine compound being coated with at least one of the 
following layers: 

(i) a layer formed by adhesion to the surface of said 
particles of at least one compound selected from the 
group consisting of an isocyanate (D), a carboxylic 
acid <E), a carboxylic acid anhydride <F), an acid 
halogenated compound (G) and an epoxy compound (H); and 

(ii) a layer formed by covalent bonding of the powdery 
amine compound CO with at least one compound selected 
from the group consisting of an isocyanate CD), a 
carboxylic acid (E), a carboxylic acid anhydride (F), 
an acid halogenated compound (G) and an epoxy compound 
(H); the softening temperature of said curing agent (B) 
being in the range of 50 to 150 °C, said softening 
temperature being 5 to 50 °C higher than the softening 
temperature of said powdery amine compound CO; and 

(3) at least one compound selected from the group 
consisting of a guanidine to), an aromatic amine CP), a 
carboxylic acid anhydride (Q) and a hydrazide (R). 

3. The one-liquid type epoxy resin composition according 
to Claim 1 or 2, wherein said epoxy compound (A) is a con- 
densate of bisphenol A with epichlorohydrin. 

4. The one-liquid type epoxy resin composition according to 
any of the Claims 1 to 3, wherein the content of hydrolyzable 
chlorine in said epoxy resin (A) does not exceed 300 ppm. 

5- The one-liquid type epoxy resin composition 

according to Claim 4, wherein the content of hydrolyzable 
30 chlorine in said epoxy resin (A) does not exceed 50 ppm. 
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6. The one-liquid type epoxy resin composition according to 
any of the Claims 1 to 5 f wherein said powdery amine compound 
(CJ is a compound (I) having at least two amino group 
active hydrogens per molecule or having at least one 
5 tertiary' amino group per molecule. 

7> The one- liquid type epoxy resin composition according to 
any of the Claims 1 to 5, wherein said powdery amine compound 
(C) is an imidazole derivative CJ) having at least one 
hydroxy group per molecule. 

10 8* The one-liquid type epoxy resin composition 

according to Claim 7, wherein the imidazole compound CJ) 
having at least one hydroxyl group per molecule is an 
adduct (N) of a compound (K) having at least one epoxy 
group per molecule with an imidazole compound (L) or a 

15 car boxy late CM) of an imidazole compound. 

The one-liquid type epoxy resin composition 
according to Claim S, wherein the imidazole derivative 
CJ) having at least one hydroxyl group per molecule has a 
softening temperature of 60 to 120 °C. 

20 10. . The one-liquid type epoxy resin composition 

according to Claim 8# wherein the compound CK) having at 
least one epoxy group is a condensate of bisphenol A with 
epichlorohydr in . 

11. The one-liquid type epoxy resin composition 
25 according to Claim 8 f wherein the imidazole compound CD 
is a compound or a mixture of compounds selected from the 
group consisting of 2-methylimidazole and 
2- e t hy 1 - 4 - me thy 1 i m ida zo 1 e . 
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12. The one-liquid type epoxy resin composition according 
to any of the Claims 1 to 1 1 , wherein the powdery amine 
compound (C) has a mean particle size not exceeding 50 urn. 

13. The one-liquid type epoxy resin composition 

5 according to Claim 12, wherein the powdery amine compound 
(C) has 'a mean particle size not exceeding 5 p. 

14. The one-liquid type epoxy resin composition according 
to any of the Claims 1 to 13 , wherein the particles of the 
powdery amine compound (C) are non- spherical . 

10 15. The one-liquid type epoxy resin composition according 

to any of the Claims 1 to 14, wherein the isocyanate compound (D) 
is a compound or a mixture of compounds selected from the 
group consisting of toluylene di isocyanate and 
4 ,4-diphenylmethane diisocyanate. 

15 16. The one-liquid type epoxy resin composition 

according to Claim 15, wherein the curing agent (B) has a 
softening temperature of 10 to 40 °C higher than the 
softening temperature of the powdery amine compound (C). 

17. The one-liquid type epoxy resin composition according 

20 to any of the Claims 1 to 16, wherein the average thickness of 

the coating layer on the particles of amine compound (C) 
is 100 to 10,000 A. 

18. The one-liquid type epoxy resin composition according 

to any of the Claims 1 to 16, wherein the average thickness of 
25 the coating layer on the particles of amine compound (C) 
is 200 to 1,000 8. 
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19. The one- liquid type epoxy resin composition according 
to any of the Claims 1 to 18, wherein the softening 
temperature of said curing agent (B) is in the range of 
50 to 150°C. 

20. The use of the one-liquid type epoxy resin composition 
according to any of the Claims 1 to 19 as a coating material 
or as an adhesive. 
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